Does the critical nitrate-N concentration for growth of forage grasses change as the plants mature? This question needs to be answered so that the N status of forage grasses can be assessed at any time the plants are actively growing.
Previous reports (Hylton et al., 1964; and Hylton and Ulrich, 1968) suggest that critical nitrate-N concentrations determined at the late vegetative growth stage of forage grasses are also satisfactory for younger plants.
These reports stipulate that recently matured blades or shoots are to be selected for nitrate-N analysis.
This paper presents the effects of plant maturity on the critical nitrate-N concentration for growth of squirreltail.
Comparisons are made for 3 plant growth stages: early vegetative, late vegetative, and late boot.
Nitrate-N concentrations in recently matured blades and in shoots are related to plant growth at these 3 growth stages.
Methods and Materials
Seeds of squirreltail were germinated on cheesecloth moistened with tap water. Twenty-three-daylResearch financed in part by Pacific SW. Forest and Range old seedlings were transplanted on January 12, 1967, to tanks in a greenhouse.
Each tank contained 20 liters of continuously aerated nutrient solution.
Fifteen seedlings were transplanted to every tank and supported individually in corks with cotton. The roots were suspended in the nutrient solution.
Nutrients were added to the solution in known amounts and were not removed except by plant growth. The following basal nutrients were in each 20-liter tank at the start of the study, expressed as meq/l:
1.0 K+, 0.25 Na+, 0.5 Mg++, 2.5 Ca++, 0.25 H2P04-, 0.125 Cl-, 0.125 SiOs=, and 1.75 SO,= (plus S04= added with certain micronutrients and with H2S04). In addition, the following micronutrients, expressed as pg/ 1 were included: 62.5 B, 62. (85% assay). These were all of the basal nutrients provided for plants that were harvested at the early vegetative growth stage.
Beginning with the fifth week after the seedlings were transplanted, the foregoing basal nutrients were added again, at weekly or bi-weekly intervals in increasing amounts, to solutions that supported plants harvested at the late vegetative and the late boot growth stages. The total amount of basal nutrients added for plants harvested at the late vegetative growth stage was 8 times that of the initial solution, while for plants harvested at the late boot growth stage it was 12 times that of the initial solution.
Nitrogen treatments were obtained with Ca(N0,)2.4H20.
Six N treatments were provided at the beginning of the study for plants harvested first (Table 1) . Eight N treatments were provided for plants harvested second (Table Z) , the 5 lowest treatments at the beginning of the study, and the 3 highest treatments by adding N stepwise with subsequent additions of the basal nutrients.
Nine N treatments were provided for plants harvested third (Table 3) , the 4 lowest treatments at the beginning of the study, and the 5 highest treatments by adding N stepwise with subsequent additions of the basal nutrients.
The N treatments, plus zero N, in each harvest group were replicated 4 times. Each group was arranged in a randomized complete-block design. Distilled water was added as needed to keep about 20 liters of solution in each tank. The pH of the solution was maintained between 5.5 and 6.5 with H&SO,.
Temperature in the greenhouse ranged from 20 to 30 C.
The first harvest was made on February 23, the second on March 16, and the third on April 6, 1967.
Tops were separated from roots and the number of shoots recorded.
Two blades were selected from each plant (30 blades/tank) for nitrate-N analysis.
These blades were designated as re- cently matured because they were the youngest blades that were completely out of the leaf sheath and fully open.
One shoot from each plant (15 shoots/tank) was also selected and left intact. The remainder of the top material was residue.
The plant material was dried in a forced-draft oven at 70 C. Dry weights were recorded.
Top weight was the sum of the selected blades and shoots plus the residue.
The plant parts selected for analysis (i.e., recently-matured blades and shoots) were ground to pass a 60-mesh sieve. Nitrate-N was determined by a modified phenoldisulfonicacid method (Johnson and Ulrich, 1959) . Analytical results are expressed on the dry basis. Letters that indicate significant differences among means in tables are by Duncan's Multiple Range Test (Duncan, 1955) . l Data are means of four replications.
s Oven-dry basis. S Like letters within a column signify no statistical difference in associated means at the 3% level of probability.
4 Dash indicates nitrate-N was not detectable by chemical analysis. 3 Like letters within a column signify no statistical difference in associated means at the 5% level of probability. 4 Dash indicates nitrate-N was not detectable by chemical analysis.
Results
Early vegetative growth stage.-These plants were harvested 6 weeks after the seedlings were transplanted to the solutions. Nitrogen deficient plants were pale green. Necrotic tissue was evident at the tips of the oldest leaves of N deficient plants.
Top weight increased with increased amounts of N, except from 0.14 to 0.28 g of N/tank (Table  1) . Top weight directly reflected the number of shoots produced at each N treatment.
Root weight varied, but reached a maximum with 0.07 g of N /tank and declined with greater or lesser amounts of N. Top-root ratio was 1.0 at 0.035 g of N /tank and increased to about 3.0 at the two highest N treatments.
Nitrate-N concentration was similar in blades and shoots for any common N treatment.
Nitrate-N was not detected in plants from treatments of less than 0.14 g of N/tank. The highest accumulation of nitrate-N was about 3900 ppm in these plants.
The critical nitrate-N concentration for the early vegetative growth stage was estimated from the calibration curve shown in Fig. 1 . The vertical part of the curve passes through those treatments at which top growth increased but nitrate-N did not accumulate in recently matured blades. The horizontal part of the curve passes through a point which is the average oven-dry weight of tops from the 3 highest N treatments (Table  1) . The horizontal part of the curve represents plants that did not increase in top growth but nitrate-N accumulated in the blade tissues.
The horizontal and vertical parts of the curve were connected by an eye-fitted "transition zone." The critical concentration was taken from the curve in the "transition Critical nitrate-N concentration for top growth, at a 10% reduction from average maximum top weight indicated by arrow, is about nitrate-N, dry basis, in recently matured blades. 400 ppm zone" at 10% reduction in average maximum top growth (i.e. 10% below the horizontal part of the curve).
The calibration curve for nitrate-N in shoots (not shown here) was similar to that for blades shown in Fig. 1 . Therefore the critical nitrate-N concentration for the shoots is about the same as that for recently matured blades at the early vegetative growth stage.
The critical nitrate-N concentration for plants at the early vegetative growth stage is about 400 ppm nitrate-N in recently matured blade tissue, dry basis (Fig. 1) .
Late vegetative growth stage.-Plants at this growth stage were harvested 9 weeks after the seedlings were transplanted.
Nitrogen deficient plants were pale green or chlorotic.
The oldest leaves on chlorotic plants were necrotic.
Data for the late vegetative growth stage are in Table  2 . Top weight increased with increased amounts of N up to 1.12 g of N/tank. Top weight averaged about 17.5 g/tank at the 3 highest N treatments.
Shoot production was closely related to top weight. The average number of shoots produced for the 3 highest N treatments was about 430 shoots/tank, or 29/plant.
Root weight reached Top-root ratio was 1.0 when root weight was at the maximum. Top-root ratio was about 3.0 for the 3 highest N treatments.
Nitrate-N concentration was slightly higher in the blade tissue than in the shoots, for N treatments at which top weight remained constant (Table 2) . A maximum of about 8000 ppm of nitrate-N accumulated in recently matured blades at the highest N treatments.
The critical nitrate-N concentration for the late vegetative growth stage was taken from the calibration curve in Fig. 2 . The construction of this curve was similar to that described for the curve in Fig. 1 . The calibration curve for nitrate-N in the shoots at the late vegetative growth stage is not shown here. However, that curve was slightly different from the one shown for blades in Fig. 2 Late boot growth stage. -These plants were harvested 12 weeks after the seedlings were transplanted. Seed heads were developed but they were completely enclosed in a sheath. Table 3 
ment.
Root weight was greatest with 1.12 g of N/tank and declined with more or less N in the solution.
The top-root ratio was 1.0 for the N treatment at which root weight was the greatest. Top-root ratio was about 3.0 for the 3 highest N treatments.
Nitrate-N concentration was slightly higher in the shoots than in recently matured blade tissue at comparable N treatments, when nitrate-N was present (Table 3) . Nitrate-N was not detected in plants from treatments of less than 0.56 g of N/tank. Calibration curves for recently matured blades and for shoots at the late boot growth stage are shown in Fig. 3 and 4 , respectively.
These curves were constructed in the same manner as the curve in Fig. 1 . There is a difference in the shape of the curves in Fig. 3 and 4. The main difference is that the "transition zone" of the curve for shoots (Fig.  4) is not as sharp as the "transition zone" of the curve for recently matured blades (Fig. 3) . This difference is reflected in the critical concentrations which are 500 and 1300 ppm nitrate-N, respectively, for recently matured blades and for shoots.
The critical nitrate-N concentration for squirreltail at the late boot growth stage is about 500 ppm nitrate-N in recently matured blade tissue, dry basis (Fig. 3) .
Discussion and Conclusions

Squirreltail
is widely distributed over western United States and is often a major component of rangeland vegetation.
In some areas it is regarded as highly desirable in the diet of range cattle, even when many other foreageable species are present (Hormay and Talbot, 196 1). Because squirreltail influences cattle diets and the selection of grazing systems, we need basic information about its nutritional requirements.
The present information will give the range manager a guide to the nitrate-N status of squirreltail in relation to the nitrate-N concentration it needs for efficient growth. Top-root ratios (dry wt) were 1.0 at the N treatments of 0.035, 0.28, and 1.12 g of N /tank, respectively, for the early vegetative, late vegetative, and late boot growth stages (Tables  1, 2 , and 3). These N treatments were 2 treatments below the treatment at which maximum top weight was obtained, except for the early vegetative growth stage. But root weight was maximum at these N treatments.
The top-root ratios increased to about 3.0 at the 3 highest N treatments for each of the 3 growth stages. This increase in the top-root ratio from 1.0 to 3.0 with increased N in solution, was because of an increase in top weight with a corresponding decrease in root weight. When nitrate-N supply was low, most of the absorbed nitrate-N was probably reduced in the roots and then combined with sugars translocated from the tops to produce more roots. When nitrate-N supply was high, sugars produced in the tops most likely reacted rapidly with reduced forms of N to produce maximum top growth. This would leave less sugar for translocation to the roots and cause a high top to root ratio.
The critical nitrate-N concentration was about
